Introduction
Os odontoideum was first described in the late 1880s. 1 It is often found incidentally and is asymptomatic, but it can result in neurologic deficits with atlantoaxial dislocation. According to the current management strategies for incidental os odontoideum reported by Klimo et al, patients showing evidence of atlantoaxial instability who are < 20 years of age should be considered for surgery. 2 Various techniques for C1-C2 fusion have been described. Posterior sublaminar wiring and C1-C2 transarticular fixation have been frequently used, but they are intricate and may cause neural injury. C1-C2 segmental rod-screw fixation has become the preferred option. 3 However, various complications can occur with these surgical procedures. Even if the C1-C2 segmental rod-screw fixation is used, sacrifice of the C2 root is sometimes required to improve visualization. The use of these procedures in children has not gained widespread acceptance because safety and efficacy, of particular importance in pediatrics, have not been demonstrated in pediatric patients.
We present a pediatric case of os odontoideum in which bony union was safely and successfully achieved by posterior fixation using a rod-hook system and perioperative planning.
Case Report
The patient was a 12-year-old boy who was referred because of C1-C2 instability due to os odontoideum. He fell while playing basketball and bruised the occipital region of his head. Although he had no symptoms, his parents took him to see a local doctor. Radiographs of the cervical spine showed C1-C2 instability due to os odontoideum, but he had neither neck pain nor neurologic findings.
He was referred to our hospital for surgical treatment because of the prominent instability. Plain radiographs showed a bony defect in the dens of C2 and obvious C1-C2 instability (►Fig. 1). After a thorough discussion with his family on the surgical indication, posterior fusion using a rod-hook system for the C1-C2 (3XS system; Kisco DIR, Paris, France) was used. It can be performed more safely
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than the procedure using screws, but stabilization is not as effective.
Preoperatively, we made an actual-size replica of his C1-C2 using a three-dimensional (3D) printer to confirm whether the instrumentation could fit his immature cervical spine (►Fig. 2A, B). Also, on the day before surgery, we applied the halo vest to acquire a reduced position of C1-C2 preoperatively and confirmed that no neurologic deterioration occurred after the reduction (►Fig. 2C).
The patient underwent posterior fusion with minimal exposure of the muscles; those attached to the C2 spinous process in particular were preserved as much as possible. The The halo vest was used to acquire a reduced position of C1-C2 preoperatively, and it was confirmed that no neurologic deterioration occurred after the reduction. plate and hook system device was placed on the C1 and C2 laminae correctly, and autografted iliac bone was placed on the laminae after decortication. The grafted bone was fixed to the decorticated laminae with Nesplon tape (Alfresa Pharma Corp., Osaka, Japan).
The postoperative course was uneventful, and neurologic deterioration did not occur. External fixation using the halo vest was continued for 3 months after the operation, after which it was removed when bony union was confirmed.
At the 2-year follow-up at age 14, complete bony union of the posterior element was observed. In addition, at the cleft of the divided dens, which had been generally considered as pseudoarthrosis, bone formation was found after bony union of the posterior element of C1-C2 (►Fig. 3).
Discussion
Os odontoideum is a condition in which the C2 dens lacks bony continuity with the C2 body. Although its etiology has not been elucidated, two main theories have been proposed: one is related to a congenital abnormality and the other is related to trauma. 4 In the present case, although the boy visited the first hospital because he had a bruise in the occipital region, he had no symptoms, and plain radiographs showed no new fresh fracture at the C2 dens. Os odontoideum is most commonly believed to result from remote trauma, but he and his parents had no recollection of an obvious remote traumatic episode. In the present case, bone formation in the gap due to the os odontoideum was obtained after posterior bony fusion was achieved. This result indicates that os odontoideum is not a pseudoarth-rosis and has the potential for bony fusion. Also, it could strongly support the so-called trauma theory.
There have been several reports of asymptomatic cases of os odontoideum. Klimo et al stated in their review article that relatively young patients (< 20 years old) with incidental os odontoideum should be strongly considered for surgery. 2 Screwing including transarticular fixation and segmental rod-screw fixation is considered the most rigid fixation method for C1-C2 instability. However, various complications such as vertebral artery injury have been reported. According to the report by Gluf and Brockmeyer, complications occurred in 7 patients (10.4%), including 2 vertebral artery injuries, in a cohort of 67 pediatric patients. 5 In pediatric patients especially, the difficulty of the surgical procedure and associated risks would be higher because the immature spine is anatomically smaller than the mature spine. Also, the screwing system usually requires large exposure, which leads to soft tissue damage, and C2 root sacrifice is sometimes required to improve visualization.
To reduce potential technical errors and critical risks, posterior interlaminar fixation using the 3XS system was applied in this pediatric case. Although critical complications may be avoided using this system, maintenance of stiffness in rotation is relatively weak. Therefore, we used the halo vest until bony union was achieved. Biomechanically, the 3XS system has been proven to be capable of tolerating the rotational forces between C1 and C2. 6 To confirm whether the device fits the pediatric cervical spine correctly, we recreated a full-scale replica of the patient's C1-C2 preoperatively using a three-dimensional Fig. 3 At the 2-year follow-up, bone formation at the gap of the dens, which has been generally considered as pseudoarthrosis, was found after bony union of the posterior element of C1-C2 occurred.
(3D) printer. 7 This virtual planning has recently become popular in several fields, and its adoption will increase the safety of various surgeries, particularly those for pediatric patients.
In conclusion, we believe that preoperative planning using a 3D printer, preoperative reduction of C1-C2 using the halo vest, and posterior interlaminar fixation using a rod-hook system resulted in a safe and good outcome for this patient.
